A better understanding of the risk factors of seizures following ICH is needed to predict which patients will require treatment.
S pontaneouS ICH has long been recognized as a risk factor for the development of seizures and epilepsy. 5 The authors of most large studies of seizures after stroke have focused either on ischemic and hemorrhagic stroke together or hemorrhagic stroke exclusively. 1, [4] [5] [6] However, few researchers have examined the clinical features of seizures in patients who have had spontaneous ICH. 3, 9, 14, 15, 19 The majority of previous studies have included relatively few patients, 9, 14 less strict selection, and included seizures that occurred only in the acute phase of spontaneous ICH or during a shorter follow-up period. 3, 15 Epilepsy may be an early or late complication of spontaneous ICH. Epilepsy in patients who have had spontaneous ICH may have delayed manifestation, but most occur within 2 years. 1 Epileptic seizures after spontaneous ICH have been reported in 2.8-18.7% of patients in various studies, 1, 3, 4, 6, 9, 14, 15, 19 and seizures only in patients with strokes and cerebral hemisphere lesions. 4, 18 The indications for and duration of seizure treatment required after spontaneous ICH remain controversial, although Passero et al. 18 recently demonstrated that the risk of early seizures was reduced with prophylactic AED therapy in patients with lobar ICH. Some physicians consider prophylaxis with AEDs to be a standard part of care, while others are concerned about the potential adverse effects of AEDs and choose to treat seizures only when symptoms arise.
This hospital-based study is intended to provide accurate information about the relative frequency of seizure subtypes, their effect on stroke-related death, neurological and functional outcome, and relationship to underlying cerebral lesions. Because of the possible benefits of AEDs in reducing functional morbidity after seizures following spontaneous ICH, there is a need for better delineation of prognostic factors and outcomes in patients with spontaneous supratentorial ICH admitted to the hospital who should receive this treatment. We analyzed the clinical features, neuroimaging findings, scientific clinical scores, and ICH measurements to determine which potential risk factors are predictive of seizures during the acute phase of spontaneous supratentorial ICH, and to study seizure outcome after a minimum of 3 years of follow-up.
Methods
Over a 1-year period (2004), 292 patients who suffered their first spontaneous ICH were admitted to the Department of Neurosurgery and Neurology at Chang Gung Memorial Hospital in Kaohsiung, Taiwan. Chang Gung Memorial Hospital-Kaohsiung is a 2482-bed, acutecare teaching hospital, and is the largest medical center in southern Taiwan that provides both primary and tertiary referral care.
We retrospectively reviewed the patients' medical records, using preexisting standardized evaluation forms. All patients underwent brain CT scanning. Based on its location, a lobar hemorrhage abutting onto the cortex is defined as cortical, and a deep subcortical hemorrhage is defined as subcortical. Exclusion criteria included: 1) nonspontaneous ICH, such as traumatic ICH; 2) brainstem and cerebellar hemorrhage, subarachnoid hemorrhage, arteriovenous vascular malformations, subdural hematoma, hemorrhagic infarct, or inflammatory vascular disease; 3) spontaneous ICH caused by a primary or metastatic brain tumor; 4) preexisting neurological conditions with various neurological deficits (such as stroke, head trauma, and hypoxic encephalopathy); and 5) a history of epilepsy prior to ICH. Only 243 of the 292 patients met our criteria and were enrolled in the study. The study protocol was approved by the Chang Gung Memorial Hospital Institutional Review Committee on Human Research.
Seizures were classified according to the recommendations of the International League Against Epilepsy. 8 Status epilepticus was defined as continuous behavioral seizure activity or repetitive seizures without full recovery of neurological function between seizures, occurring over a period longer than 30 minutes. 20 The definition of seizure was set according to that used in previous studies: seizure occurring after spontaneous ICH that is causally related to the ICH itself. A provoked (acute symptomatic seizure) seizure occurs in close temporal relationship to a spontaneous ICH, which is the presumed cause. In contrast, an unprovoked seizure occurrs in the absence of any precipitating factors, and includes events in patients with antecedent stable (nonprogressing) spontaneous ICH. Epilepsy is the occurrence of repeated unprovoked seizures. 4, 18 We assigned our patients to 3 groups based on seizure onset relative to the clinical ictus of spontaneous ICH. Immediate seizures were defined as occurring within 24 hours of spontaneous ICH onset, early seizures as occurring within 2 weeks of ICH, and late seizures as occurring more than 2 weeks later.
Characteristics and circumstances, the time interval from spontaneous ICH to the first seizure, seizure types, and several other features noted in the 243 patients were documented, including length of hospital stay, presence and duration of chronic epilepsy, neurosurgical interventions, and systemic underlying diseases associated with seizures. The GCS score was determined by a neurosurgeon when the patient arrived at the emergency department.
All patients underwent brain CT scans soon after arrival. Follow-up brain CT scans were performed if clinical deterioration was noted, including acute onset of focal neurological deficits, seizures, or status epilepticus, and a progressively worsening level of consciousness, as well as after any postneurosurgical procedures. Hydrocephalus was judged retrospectively by a dilated temporal horn of the ventricle without obvious brain atrophy and/or an Evan ratio of > 0.3 on initial CT scans. The Evan ratio is the ratio of the ventricular width of the bilateral frontal horn to the maximum biparietal diameter. 11 Rebleeding was defined as sudden deterioration in the clinical state accompanied by new or increased blood on brain CT scans. All diagnoses of hydrocephalus and rebleeding were based on CT evidence.
We measured the hematoma volumes on admission CT scans. A radiologist (W.C.L.) experienced in CT interpretation and blinded to the patients' clinical and biochemical data analyzed the scans to assess ICH volumes. All images were processed with the use of imaging processing software (Vitrea version 3.9.0.1; Vital images) running on an off-line workstation. The ICH volumes were calculated using a semiautomated process. The examiner manually drew ROIs in each slice throughout the ICH. Automated threshold values, based on Hounsfield unit measurements, were applied to differentiate hematoma from the skull. Contiguous voxels were automatically summed to yield a hematoma volume (Fig. 1) . The observer (W.C.L.) drew the hematoma twice at an interval of 1 month apart, and a trained research assistant (Y.T.S.) performed these measurements again. Maps of the ROIs used for measurement were stored and then confirmed by a neurosurgeon (T.M.Y.). Intraobserver and interobserver reproducibility for these measurements was evaluated with intraclass correlation coefficients. For hematoma volume measurements, the intra-and interobserver agreement was r = 0.99.
Patients were defined as having diabetes if they had previously received such a diagnosis or if they had a fasting glucose level > 7 mmol/L. 12 The presence of hypertension was defined by the patient's preadmission history, medical records, and the following criteria at presentation: systolic blood pressure > 140 mm Hg or diastolic blood pressure > 90 mm Hg. 7 Alcohol abuse was defined as liver disease in a patient who maintained a daily consumption of ≥ 80 g of alcohol per day for at least the preceding 2 years. 13 The presence of coronary artery disease was determined based on preadmission history and medical records associated with myocardial infarction or angina pectoris.
Our standard protocol was to administer AEDs only to patients with acute symptomatic seizures in spontaneous ICH. Prophylactic AED therapies were not given to those without such symptoms in the acute stage of spontaneous ICH. Antiepileptic drugs were usually prescribed for patients with acute symptomatic seizures during hospitalization and were discontinued if there was no devel-opment of unprovoked seizures during outpatient followup.
The GOS was used for evaluation of therapeutic outcome after hospital discharge. Therapeutic outcomes and the degree of seizure control after discharge were assessed with a seizure frequency scoring system, slightly modified from Engel et al. 21 The follow-up period was terminated by death or the end of the study itself (December 2007). Most patients underwent outpatient follow-up after discharge, and some were interviewed by telephone for assessment of neurological outcome.
Statistical Analysis
Three separate statistical analyses were performed. First, the risk factors for seizure after a minimum 3-year follow-up period were determined. Baseline clinical data, including sex and clinical manifestations between the 2 patient groups, were analyzed with the chi-square or Fisher exact test. Patient age and average ICH volume data were logarithmically transformed for improved normality, and comparisons between the 2 patient groups were made using the independent t-test. The GCS scores at the time of admission and the duration of hospitalization for the 2 groups were compared with the Mann-Whitney Utest. Multiple logistic regression was then used to evaluate the relationship between baseline clinical factors and seizure occurrence during the study period, with adjustments made for other potential confounding factors. Finally the association between 1) the presence of late seizures, 2) the presence of a lobar hematoma, and 3) surgical intervention for spontaneous ICH, and the survival curve between the 2 patient groups (with versus without epilepsy) were assessed using Kaplan-Meier plots and compared with a log-rank test. All statistical analyses were conducted using commercially available statistical software (SAS software package, version 9.1; SAS Statistical Institute).
Results
The 243 patients with spontaneous ICH included 159 men (age range 29-87 years, mean 60.5 years) and 84 women (age range 21-87 years, mean 63.4 years). In this study, seizures occurred in 20 of the 243 ICH patients. The interval from the onset of spontaneous ICH to seizure was 1-630 days (mean 137 days). The characteristics of the 243 patients with spontaneous ICH in terms of seizures are summarized in Table 1 . Hypertension, diabetes mellitus, and alcohol abuse were the 3 most common underlying diseases in both groups.
Among the 20 patients who experienced seizures, 9 had acute symptomatic seizures and the other 11 were unprovoked seizures. Regarding seizure onset in relation to the clinical ictus of spontaneous ICH, 5 patients had immediate seizures, 4 had early seizures, and 11 had late seizures (Table 1 and Fig. 2 ). The mean intervals from spontaneous ICH to first seizure among the immediateonset, early, and late seizure groups were 1.6 hours, 1.4 days, and 249.1 days, respectively. One patient died of acute phase spontaneous ICH. After discharge among the 19 surviving patients, 6 were seizure free without AED therapy (Score 0), 10 were seizure free with AED therapy (Scores 1 and 2), 1 had a nondisabling simple partial seizure (Score 3), 1 had 1-3 seizures per year (Score 5), and the remaining patient had 4-11 seizures per year (Score 6). Regarding seizure subtypes, 6 had generalized seizures, 10 had focal seizures, and the remaining 4 had focal seizures with secondary generalization. None progressed to status epilepticus.
The locations of ICH in the 243 cases are listed in Table 2 . In total, 171 cases (70.3%) had an ICH without rupture into the ventricle and 72 (29.6%) had ICH with rupture into the ventricle. The most common ICH sites were the basal ganglia, thalamus, and the cortex (lobar hematoma). The median value (interquartile range) of ICH volume on admission in those patients with and without seizure was 40.8 mm 3 (13.6-73.0), and 13.1 mm 3 (4.7-28.9), respectively. Other neuroimaging findings included the hematoma volume, presence of hydrocephalus, rebleeding of the ICH, and postoperative hemorrhage ( Table 2) . Treatment options for spontaneous ICH included crainiostomy and removal of the hematoma, and external ventricular draining/ventriculoperitoneal shunt for hydrocephalus. Seventy-two patients underwent crainiostomy with or without external ventricular draining, an external ventricular drain or ventriculoperitoneal shunt was placed in 24 patients, and the remaining 147 received conservative treatment. The mean age at ICH onset was 62.0 ± 12.3 years for those without seizures and 54.2 ± 15.4 years for those who had seizures (Student t-test, p = 0.008). The median period of hospitalization was 16.0 days (range 8-35) for patients without seizures, and 25.5 days (range 14.8-52.0) for those who had seizures (Mann-Whitney U-test, p = 0.055). The mean GCS score at presentation and final GOS score at the final follow-up between the 2 groups are listed in Table 3 . Apart from seizures, 89 patients had 1 or more complications after spontaneous ICH or neurosurgical procedures, including hydrocephalus in 46 patients, pneumonia in 34, rebleeding of the ICH in 22, postoperative ICH in 20, hyponatremia in 19, arrhythmia in 7, postneurosurgical meningitis in 3, and diabetes inspidus in 2 patients.
The mean follow-up interval was 21.0 ± 18.3 months. Of the 223 patients without seizures, 190 survived and 34 died. One of the 20 patients with seizures died. Three of the 19 patients with seizures who survived progressed to epilepsy over the 3-year follow-up period. The mortality rate for patients with and without seizures were 5% (1/20) and 15.2% (34/223), respectively. Thirty-five of 243 patients died, for an overall mortality rate of 14.4%. Twentythree patients died of brain swelling caused by ICH, with subsequent herniation, 11 had both pneumonia and sepsis, 1 had sepsis and septic shock, and the remaining patient died of hypovolemic shock secondary to a bleeding peptic ulcer. After a minimum 3-year follow-up period, the mean GOS score was 3.8 ± 1.1 in patients with seizures, and 3.5 ± 1.3 in those without (Mann-Whitney U-test, p = 0.45; Table 3 ). Therapeutic outcomes among these 244 patients after a minimum 3-year follow-up were assessed according to GOS scores. Sixty-five (26.7%) had returned to a normal life, 91 (37.4%) had moderate disabilities, 31 (12.8%) had severe disabilities, 21 patients (8.6%) were in a persistent vegetative state, and 35 had died (14.4%).
To examine each factor individually, we calculated Kaplan-Meier estimates of the fraction developing epi- mean GOS score at discharge 3.6 ± 1.7 3.5 ± 1.3 3.2 ± 0.9 3.2 ± 1.2 mean GOS score after min 3-year FU 3.8 ± 1.6 3.8 ± 1. 
Discussion
The relative prevalence and outcome of seizures after spontaneous ICH reported in the literature varies with case determination and inclusion criteria, length of follow-up, underlying diseases, complications, and type of surgery. Although the frequency of seizures after spontaneous ICH is estimated at 2.8-18.7%, 1, 3, 4, 6, 9, 14, 15, 19 much of these data were based on retrospective studies with variable follow-up. In our study, seizures occurred in 20 (8.2%) of the 243 patients who had spontaneous ICH, including acute symptomatic seizures in 9 patients (3.7%) and unprovoked seizures in 11 (4.5%). Among the 9 patients with acute symptomatic seizures, 1 (0.4%) died of spontaneous ICH and none progressed to chronic epilepsy. Furthermore, of the 11 remaining patients with unprovoked seizures, 8 (3.2%) of 243 became seizure-free with or without AED therapy, and chronic epilepsy developed in 3 (1.2%).
In the present study we examined the predictive factors and outcome of seizures after spontaneous ICH and reached 3 major findings. First, we found that higher mean ICH volumes at presentation, younger age at onset, and presence of cortical hemorrhage were predictive of seizure. Second, the presence of late seizures was predictive of developing epilepsy. Third, patients with spontaneous ICH may have delayed seizure manifestation, although most occur within 2 years. Our study has several limitations, however. First, this was a retrospective analysis and therefore subject to bias of unmeasured factors. It was also not possible to assess the effect of prophylactic AEDs after the acute stage of spontaneous ICH to prevent later epilepsy or draw conclusions. Second, patients with an infratentorial hemorrhages (in the cerebellum or brainstem) or a preexisting neurological condition were excluded. Thus, continued uncertainty was present in assessing the incidence of unprovoked seizures after spontaneous ICH in nonselected patients. Third, surgical interventions have the potential to cause brain insults and may result unprovoked seizures during the followup periods. Fourth, most patients in the present study received anticonvulsant medication after their first acute symptomatic seizure, in accordance with our study protocols. Thus, our findings might underestimate the true frequency of seizures associated with the natural history of untreated unprovoked seizures. Finally the follow-up period was short, which may explain the low incidence of late-onset seizures in this study, and also did not allow us to determine the seizure recurrence rate. Thus, there was continued uncertainty in assessing the incidence of chronic epilepsy/unprovoked seizures after spontaneous ICH in nonselected patients Several authors have reported variables related to seizures after spontaneous ICH. 4, 3, 9, 14, 15, 19, 22 Cerebral hemorrhages giving rise to seizures were predominantly cortical in location, 3, 10, 16, 19, 22 although two-thirds of seizures arose from deep cerebral hemorrhages in our study (in 12 patients), a figure lower than previous studies. 3, 19, 22 Our study demonstrated that presence of cortical hemorrhage was predictive of seizures. The authors of several studies 4, 22 have noted that neither the amount of blood present in brain parenchyma (such as lesion size) nor in the cisternal and ventricular spaces seemed to affect the occurrence of seizures. However, our results demonstrated that higher mean ICH volumes at presentation were predictive of seizure, and an increase of 1 mm 3 in ICH volume will increase the seizure rate by 2.7%. Several pathophysiological mechanisms, although requiring further elucidation, are implicated in the occurrence of seizures after spontaneous ICH, including a combination of the sudden development of a space-occupying lesion with mass effect, focal ischemia, and blood products which could explain the occurrence of seizures in the early phase of hemorrhagic stroke. 4 Fewer of our patients with seizures after spontaneous ICH died or experienced disabilities than those who did not have seizures. The results of previous studies have demonstrated that large cerebral hemorrhages do not cause seizures, although the associated neurological deficits are more severe, and seizures are not associated with clinical deterioration in patients with cerebral hemorrhage. 10, 16 The utility of prophylactic AED therapy in the prevention of seizures in patients with ICH remains unclear, 3, 4, 10, 18 although a possible benefit is the reduction in functional complications from seizures following spontaneous ICH. However, uncertainty exists regarding the need for and best choice of drug, proper dosing, and duration of treatment after spontaneous ICH. Significant differences in study methods, particularly in case deter- mination and inclusion criteria, make study comparisons difficult, particularly among subgroups of patients with spontaneous ICH. To our knowledge, no formal recommendations can be made about the use of prophylactic AEDs in patients with spontaneous ICH based on currently available well-designed randomized controlled trials. Phenytoin was the most widely used AED in our study, and 15% of our patients had adverse effects after phenytoin usage. The intolerable adverse effects related to phenytoin have accounted for 8-18% in different series. 2, 17 Our results demonstrated that most seizures occurred within 2 years; therefore, we recommend AED prophylaxis in patients with spontaneous ICH for 2 years after the diagnosis, especially in patients who initially present with high ICH volume.
Conclusions
Seizures are an important neurological complication of spontaneous ICH. Higher mean ICH volumes at presentation, younger age at onset, and the presence of cortical hemorrhage were predictive of seizure. Seizures may have manifest in a delayed fashion, although most seizures occured within 2 years after spontaneous ICH during the minimum 3-year follow-up period. Regarding the potential side effects of antiepileptic drugs, antiepileptic therapy should be administered carefully to patients with seizures after spontaneous ICH. We look forward to more prospective, randomized, double-blind trials to evaluate the efficacy of prophylactic AED therapy in patients with spontaneous ICH and clarify optimal treatment.
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